1. Introduction {#s0005}
===============

Since the coronavirus disease (COVID-19) is still an emerging pandemic with more than 2.1 million confirmed cases worldwide \[[@bb0005]\], special focus is currently directed towards the understanding of why people are hospitalized, receive intensive care, and frequently die as a consequence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Mortality rates seem particularly high when patients suffer from distinct comorbidities. First studies were initiated mainly on Chinese cohorts, as China is the suspected point of origin of COVID-19. These studies indicate that patients subjected to intensive care units (ICU) frequently show hypertension, diabetes and/or cardiovascular diseases (CVD) \[[@bb0010],[@bb0015]\]. These patients demonstrate much higher mortality rates compared with patients that are free of these comorbidities \[[@bb0020], [@bb0025], [@bb0030], [@bb0035]\]. While higher mortality rates among CVD patients are also associated with other respiratory diseases (especially influenza virus-induced flu or previous SARS epidemics), the question was put forward, whether people treated for heart-related illness are more prone to SARS-CoV-2 viral infection, based on first epidemiological evidence, but particularly based on the presumed upregulation of the SARS-CoV-2 entry receptor. While this association is currently heavily discussed, and will be also be a subject of this review, latest epidemiological studies coming from Europe at least underpin the greater risk for a critical disease progression in this group of patients \[[@bb0040],[@bb0045]\]. Therefore, we here aim to outline the mechanisms influencing the cardiac system because of its central implications in the COVID-19 course. We further highlight currently investigated and upcoming therapy options for COVID-19 patients with cardiac disease conditions.

1.1. COVID-19 pandemic, what do we know so far? {#s0010}
-----------------------------------------------

The emerging pandemic, originating from a **CO**rona**VI**rus **D**isease outbreak at the end of 20**19** (COVID-19), is based on a positive-sense single-stranded RNA virus probably originating from bats and/or pangolins \[[@bb0050], [@bb0055], [@bb0060]\]. The first local outbreak was reported in Wuhan, a small but heavily populated region in China, subsequently spreading rapidly around the world within three months \[[@bb0025], [@bb0030], [@bb0035]\]. While the proposed incubation period can last over two weeks, symptoms might already occur five to six days after a COVID-19 infection \[[@bb0005],[@bb0065]\]. A substantial number of asymptomatic courses have been reported. To properly address the prevalence, transmission, hospitalization and mortality rates of SARS-CoV-2, it will be of utmost importance to determine the number of asymptomatic cases (including those who are currently infected and recovered). Accordingly, several cross-sectional studies were already launched to determine the presence of anti-SARS-CoV-2 antibodies. Preliminary results from the Heinsberg-Study (named after a town that was the first COVID-19 hotspot in Germany) suggest that around 15% of 500 people chosen at random showed an antibody response \[[@bb0070]\]. In symptomatic cases, flu-like symptoms range from fatigue, coughing and shortness of breath, to fever as well as gastrointestinal disorders. Less common symptoms are upper respiratory-related signs such as sneezing and a sore throat \[[@bb0035],[@bb0075],[@bb0080]\]. When the symptoms first appear, a relatively rapid spread of the virus towards the lungs might cause severe pneumonia, which then frequently requires an oxygen supply or mechanical ventilation \[[@bb0085]\]. The progression of a COVID-19 infection towards this critical phase should be urgently avoided if possible, because at this stage there is not only serious damage to the lungs but to the heart due to pre-existing CVDs making COVID-19 a life-threatening infection. In the past two months, unjustified attempts were made to place the number of cases and estimated mortality rates of COVID-19 into perspective by comparing it to influenza \[[@bb0090],[@bb0095]\]. The major differences revoking such comparison are: firstly, a suspected high prevalence for asymptomatic disease spreaders; secondly, a prolonged incubation period compared to common seasonal influenza viruses; and thirdly, an extended disease progression, reflected by an average ICU stay of 15 days with a minimum of 10 days in Italy \[[@bb0065],[@bb0100]\]. Altogether, this establishes the basis for the COVID-19 outbreak and the fast spread of this pandemic.

A critical disease progression of SARS-CoV-2 infected patients is supposed to be initiated by the inability of the immune system to prevent the spreading of viruses to the lungs. This can rapidly lead to pneumonia evidenced by typical visible features in computed tomographic analyses \[[@bb0105],[@bb0110]\]. Delayed clinical treatment of those critical patients causes not only an undersupply of oxygen in the lungs, but additionally causes cardiac ischemia \[[@bb0115],[@bb0120]\]. Lung and heart damage is further promoted by an over-reaction of the immune system associated with a pronounced cytokine storm \[[@bb0025],[@bb0125]\]. Clinical features include extremely elevated levels of interleukin 6 (IL-6) and ferritin \[[@bb0015],[@bb0125],[@bb0130]\], which are also well-known markers for sepsis. The latest guidelines therefore recommend first measuring basic blood parameters in order to assess the state of infection and adjust medication accordingly, even if SARS-CoV-2 infection has not yet been confirmed \[[@bb0135],[@bb0140]\]. This can accelerates the treatment, which might then limit critical manifestations.

1.2. CVD as a risk factor for COVID-19 {#s0015}
--------------------------------------

The involvement of the cardiovascular system in severe COVID-19 courses is already undisputed, but the specific underlying mechanisms remain to be explored. One proposed mode of action is related to a direct infection of cardiomyocytes (CMCs) by SARS-CoV-2 during the critical phase that leads to the development of myocarditis \[[@bb0145],[@bb0150]\]. To date, there is no indisputable evidence for myocarditis in deceased COVID-19 patients, which requires confirmation through a biopsy or an autopsy. Therefore, to address whether inflammation of the cardiac muscle contributes to the observed heart failure (HF), additional investigations are still necessary. A second assumption that is currently pursued, is that an over-activated immune system is predominantly contributing to SARS-CoV-2-induced heart damage. Subsequent to cardiac ischemia as a consequence of pneumonia and the associated acute respiratory distress syndrome (ARDS) \[[@bb0035],[@bb0155],[@bb0160]\], CMC damage and death induces a variety of pro-inflammatory mechanisms, which in turn spiral out of control and further promote loss of CMCs \[[@bb0165]\]. Hence, a secondary induced cardiac injury seems to be quite likely, although specific evidence is still lacking owing to the currently tense clinical situation. However, these ideas are strongly endorsed by previous studies investigating the SARS-CoV outbreak in 2002 or later on the MERS-CoV-associated epidemic in 2012 \[[@bb0170],[@bb0175]\], where acute myocarditis and heart failure have also been reported \[[@bb0180]\]. Similar long-term implications on the cardiovascular system as observed in a study for SARS-CoV can only be suggested \[[@bb0185]\].

Considering the multiple effects on the heart, it can already be assumed that previous CVDs would lead to an unfavorable progression of COVID-19. Interestingly, the drastically increased mortality rate in patients with pre-existing or new cardiac injuries is associated with elevated serum levels of troponin T (TnT), a biomarker for cardiac damage. Indeed, the study of Guo et al. points out that CVD patients without significantly raised TnT serum levels only represent a slightly increased mortality compared to patients without CVD \[[@bb0115],[@bb0190]\]. Therefore, in the case of expected cardiac damage due to distinct comorbidities or severe disease progression, TnT levels should always be strictly monitored, but also critically interpreted since some medications and interventions themselves can cause an upregulation of TnT \[[@bb0195], [@bb0200], [@bb0205]\]. Together with other biomarkers such as the inflammatory cytokines IL-6 and Ferritin as well as D-dimers \[[@bb0130],[@bb0165],[@bb0210],[@bb0215]\], TnT may be used to predict the outcome of the SARS-CoV-2 infection and aid in clinical decision making for the best possible treatment options, which ultimately help to reduce COVID-19 mortality \[[@bb0220],[@bb0225]\].

1.3. COVID-19 and the renin-angiotensin-aldosterone system {#s0020}
----------------------------------------------------------

The most prevalent comorbidities include hypertension, diabetes, cardiovascular but also pulmonary dysfunctions, cancer, nephrological disorders and cerebrovascular diseases \[[@bb0010], [@bb0015], [@bb0020], [@bb0025], [@bb0030],[@bb0045],[@bb0230]\]. Published statistics vary between different countries, mainly because of small cohorts, different prevalence of these diseases and inadequate testing of potentially SARS-CoV-2 infected patients. In general, various organ systems are believed to participate in COVID-19 due to the widespread expression of the primary SARS-CoV-2 entry receptor, angiotensin-converting enzyme 2 (ACE2) \[[@bb0235]\]. ACE2 is an important regulator of the renin-angiotensin-aldosterone system (RAAS), which systemically influences the vasculature and blood pressure via distinct hormones. This endocrine system additionally regulates the fluid and electrolyte balance in the kidneys. Briefly, the peptide prorenin is cleaved in the kidneys and activated renin is then released into the blood stream where it in turn activates angiotensinogen, which is converted into angiotensin I and finally into angiotensin II (AngII). Specific angiotensin-converting enzymes (ACEs), mainly expressed on renal and pulmonary epithelium, facilitate this activation cascade. The vasoconstrictive angiotensin II is the major driver of the blood pressure-increasing response, when the juxtaglomerular apparatus in the kidneys detects critically low blood pressure \[[@bb0240]\]. Thus, dysregulation of this fine-tuned system results in hypertension and heart failure as well as chronic kidney disease \[[@bb0245],[@bb0250]\]. Specific ACE inhibitors (ACE-I) and angiotensin receptor blockers (ARBs) are the first choice as an antihypertensive drug \[[@bb0245],[@bb0255]\]. However, ACE2 is a well-characterized negative regulator of the RAAS system as it converts AngII into the vasodilatory fragment Ang 1--7, which simultaneously decreases the AngII concentration to further facilitate the antihypertensive effect \[[@bb0260],[@bb0265]\]. ACE2 is located on the cell surface e.g. in the renal, cardiac, pulmonary and gastrointestinal systems \[[@bb0270]\], providing an explanation for the observed symptoms of COVID-19. In the following part of this review, we will highlight potentially connective mechanisms of SARS-CoV-2 and the dysregulated presentation of ACE2 with the described clinical features in the context of cardiac injury.

1.4. The role of ACE2 in COVID-19 {#s0025}
---------------------------------

The central role of ACE2 in cardiac physiology and pathology, as well as the fact that it acts as the major entry receptor for both SARS-CoV and SARS-CoV-2 suggests that it is a promising therapeutic target \[[@bb0235],[@bb0275]\]. Receptor binding is facilitated through the viral spike protein that is processed by the protease TMPRSS2 \[[@bb0235]\]. Then, the spike protein interacts with the extracellular domain of ACE2, which triggers clathrin-dependent endocytosis of the complex \[[@bb0235],[@bb0275],[@bb0280]\]. Interestingly, this interaction is remarkably enhanced in patients suffering from hypertension or coronary heart disease as well as in diabetic or other comorbid conditions \[[@bb0285], [@bb0290], [@bb0295]\]. While elevated plasmin or plasminogen levels have already been associated with patients suffering from these medical conditions, the impact of these increased levels on viral infections was only very recently highlighted by Ji et al. \[[@bb0300]\]. The viral spike protein is cleaved at a furin site, which is not present in SARS-CoV, by the furin protease plasmin, thereby increasing the cellular uptake of viral particles and enhancing its pathogenicity \[[@bb0280],[@bb0300]\]. Furthermore, there is an association of elevated plasmin levels with the strong induction of D-dimer as a product of hyper-fibrinolysis, which is an additional critical parameter of severe COVID-19 progression \[[@bb0210],[@bb0215],[@bb0305]\].

Once the virus enters the cell, the viral RNA is released and the host-cell\'s cellular programs are utilized for viral replication. In addition to producing infectious progeny, several mechanisms of the SARS-CoV-2 infection and replication influence ACE2 expression and presentation. Firstly, internalization of the receptor is accompanied by a reduced availability on the cell surface. Secondly, so far unknown viral mediators inhibit *ACE2* and concurrently induce *ADAM metallopeptidase domain 17* (*ADAM-17*) gene expression \[[@bb0265],[@bb0310]\]. The membrane-bound metalloprotease is involved in processing the tumor necrosis factor α (TNFα), but is also functioning as a "sheddase" by releasing anchored receptors and cytokines \[[@bb0315]\]. As a physiological regulator of the RAAS system, ADAM-17 mediates cleavage of ACE2, pointing towards its direct involvement in COVID-19 \[[@bb0265]\]. Thirdly, not only the release of TNFα \[[@bb0315]\], but also processing of different important pro-inflammatory cytokines such as interleukin 4 (IL-4) and interferon γ (IFNγ) is accomplished \[[@bb0310],[@bb0320],[@bb0325]\]. The latter two act directly on *ACE2* expression via autocrine pathways \[[@bb0325]\], further promoting the downregulation of ACE2 on the cellular surface of infected cells, and might secondary imply an imbalance of T cell responses and over-reaction of the immune system by provoking a cytokine storm ([Fig. 1](#f0005){ref-type="fig"} ).Fig. 1Overview about the role of ACE-2 during SARS CoV-2 infection.Angiotensin II can either bind to the angiotensin II receptor type I (AT~1~-R), where it induces vasoconstriction via the phospholipase C (PLC), proteinkinase C (PKC) pathway, or be processed by angiotensin converting enzyme 2 (ACE2) to generate angiotensin 1--7. Afterwards, angiotensin 1--7 can bind to the MAS-receptor (Mas-R), which induces a signaling cascade subsequently leading to a vasodilatory effect. During SARS CoV-2 infection, viral spike protein (S) on the surface of the virus binds to ACE2. After processing of the S-protein by the endogenous transmembrane serine protease 2 (TMPRSS2), the viral particle is endocytosed and acidification of the endosome leads to viral and cellular membrane fusion and release of viral single-stranded RNA (ssRNA) into the cytosol. There, the ssRNA is replicated and translated into viral proteins (N, M, E and S). Additional viral mechanisms facilitate the downregulation of endogenous *ACE2* and upregulation of *ADAM metallopeptidase domain 17* (*ADAM-17*) expression. After vesicular transport to the cell surface, ADAM-17 facilitates its role as a "sheddase" and cleaves the extracellular domain of ACE2. Moreover, increased extracellular cytokine concentrations (TNFα, IFNγ, IL-4) lead to the activation of cellular proinflammatory pathways by different cytokine receptors. These pathways further support virus-induced downregulation of ACE2 and upregulation of ADAM-17.Fig. 1

1.5. ACE2 as clinical target in the treatment of COVID-19 {#s0030}
---------------------------------------------------------

The consequences of SARS-CoV-2 infection alone are already an enormous stress for the body. Considering that many patients suffer from pre-existing illness and elderly people present a compromised immune system \[[@bb0010],[@bb0015],[@bb0330]\], the severity and the potential life-threat of a SARS-CoV-2 infection becomes very clear. The treatment plan of CVD patients regularly includes inhibitors of the RAAS, namely ACE-I and ARBs. Recently, upregulation of ACE2 has been associated with RAAS inhibitor medication \[[@bb0335], [@bb0340], [@bb0345]\]. The point was recently raised that the susceptibility in those patients is even increased based on high viral loads that were detected in patients with poor outcomes \[[@bb0150],[@bb0350]\]. A broad spectrum of institutions and scientist have discussed this topic extensively as treatment guidelines were and are still required very urgently because of the rapidly growing number of cases. Summarizing the most important aspects of this ongoing discussion, antihypertensive drugs should not be discontinued if there is no medical necessity, as uncontrolled blood pressure or clinical instability is a superior high-risk factor for severe complications \[[@bb0355]\]. So far, there is no evidence of increased susceptibility of hypertensive patients; on the contrary, studies in Chinese cohorts suggest an even lower estimated prevalence of COVID-19 in blood-pressure controlled subjects compared to the distribution of high blood pressure in the population in general \[[@bb0155],[@bb0230]\]. Indeed, a retrospective study of hospitalized COVID-19 patients with hypertension identified a lower risk of all-cause mortality in patients under ACE-I and ARB treatment \[[@bb0360]\]. Moreover, a cardio-protective activity of ACE2 has been previously described in different animal models and clinical studies of heart diseases \[[@bb0365], [@bb0370], [@bb0375]\], concluding that an even desirable effect might be achieved through this medication. Therefore, a clinical trial was initiated at the end of February aiming to re-raise ACE2 levels without risking increased infection rates. Here, soluble human recombinant ACE2 (rhACE2) infusions were planned in a COVID-19 patient cohort consisting of 24 participants \[[@bb0380]\]. The conceptual idea is that the non-membrane-bound receptor functions as a trap for viral particles by intercepting SARS-CoV-2, thereby preventing binding to cell surface-located ACE2 and the subsequent infection. Whether this proposed mode of action is only effective in the early phase of infection remains an open question to date. It is generally conceivable that every drug or clinical intervention leading to a decreased viral load might result in an improved outcome combined with reduced long-term complications. However, for non-declared reasons, the promising pilot study has been recently withdrawn as indicated at [www.clinicaltrials.gov](http://www.clinicaltrials.gov){#ir0005} (NCT number: [NCT04287686](NCT04287686){#ir0010}) \[[@bb0380]\]. Nevertheless, the pharmaceutical company APEIRON Biologics AG announced a large phase II clinical study a few days ago. They plan to treat 200 COVID-19 patients in Austria, Germany and Denmark with APN01, synonymous for rhACE2 \[[@bb0385]\]. Importantly, preclinical models reinforce the potential benefit of this treatment. Monteil et al. demonstrated that SARS-CoV-2 infection of engineered human organoids, more precisely blood vessel and kidney organoids, is significantly limited when soluble hrACE2 is applied. In this approach, the group of Penninger specifically investigated the infection-limiting effects at early stages of COVID-19, thus substantiating the previous hypothesis \[[@bb0390]\]. Altogether, despite the current lack of evidence of efficacy in humans, first studies support the use of rhACE2 to decrease viral load \[[@bb0265],[@bb0390]\]. Additional cardio-protective effects of the treatment are also conceivable, although it is questionable whether non-membrane anchored plasma ACE2 can completely fulfil the protease function \[[@bb0315]\]. To sum up, rhACE2 appears to offer great potential to improve the outcome of COVID-19 patients and minimize adverse chronic damages to the lung, heart and additional organ systems and therefore, the results of the first clinical trials are eagerly anticipated.

1.6. Alternative therapeutic approaches {#s0035}
---------------------------------------

Recently, diverse therapeutic approaches have been considered and several clinical trials have already begun. There is an intriguing variety of proposed pharmacological interventions, which arose from intensive research, the collaboration of many working groups and scientific journals around the globe. There are many possible targets in addition to ACE2, thus combined therapies may be possible and probably even more potent. Here, we highlight some of these therapeutic strategies, which have a special focus on adjuvant therapies to prevent cardiac injury. As mentioned above, high plasmin/plasminogen levels are often abundant in distinct comorbidities, and can therefore serve as a predictive biomarker for risk assessment \[[@bb0300]\]. It has already been demonstrated in vitro that specific protease inhibitors impair viral entry and based on these results \[[@bb0210]\], first protease inhibitors are administered in COVID-19 patients in China \[[@bb0395],[@bb0400]\]. In this context, the study of Hoffmann et al. revealed that the protease TMPRSS2 is critically involved in SARS-CoV-2 cell entry, so that specific inhibitors or antibodies might have a beneficial effect \[[@bb0235]\]. Antiviral activity has also been shown for Remdesivir, an inhibitor of the viral RNA polymerase, currently used in the clinics. While compassionate use of this nucleotide analogue improved the outcome in 36 out of 53 COVID-19 patients, placebo-controlled and randomized trials are required to assess the therapeutic efficacy \[[@bb0405]\]. Indeed, such studies further testing Remdesivir but also several other therapeutic candidates are currently ongoing. [Table 1](#t0005){ref-type="table"} provides a comprehensive overview of potential COVID-19 therapeutics including their mode of action and their implication for the cardiovascular system.Table 1Potential COVID-19 therapeutics currently under clinical investigation.Table 1TherapeuticMechanismInitial usageCardiac implementationInhibition of the viral cell entry and virus spreadingCamostat mesylate1.Inhibitor of serine proteases, especially transmembrane protease serine subtype 2 (TMPRSS2),2.Protease important for SARS-CoV2 S-protein cleavage for viral membrane fusion.Therapeutic against pancreatitis\
Inhibition of pancreatic fibrosis•Additional function: Inhibition of monocyte activation and reduced TNFα-production,•Reduction of detrimental proinflammatory mechanisms in the heart.Antiproteases (anti-plasmin)1.Inhibition of endogenous proteases responsible for SARS-CoV2 S-protein cleavage into S1- and S2-subunit (TMPRSS2, Cathepsin B/L, **plasmin**)2.Increased plasmin during SARS-CoV2 leads to increased fibrin degradation products (FDPs), hyperfibrinolysis and reduced platelet conc.•Disturbed blood coagulation may lead to hemophilia or thrombosis,•anti-proteases directed against plasmin could reverse those effects•Plasmin additionally induces hypertension by activation of Na^+^-retentionChloroquine phosphate\
Hydroxychloroquine1.Interference with the pH-dependent endosome-mediated entry of SARS-CoV2 by increasing the pH of acidic vesicles2.Interference of the sialic acid biosynthesis pathway via inhibition of quinone reductase 2, which leads to a disturbed glycosylation of viral entry receptor ACE-23.Interference with post-translational modification of viral proteins (proteases)4.Inhibition of IFNα- and IL-6 expression (anti-inflammatory effect)Therapeutic against malaria\
\
Hydroxychloroquine: therapeutic against rheumatoid arthritis•Treatment with chloroquine/hydroxychloroquine leads to a drug-induced QT-interval prolongation.•Consequence: torsades de pointes (TdP) tachycardia and increased risk of arrhythmic•high-risk especially when combined with azithromycin treatment (s. below)•thorough QT-monitoring necessaryUmifenovir (Arbidol)1.Membrane fusion inhibitor by interaction with hemagglutinin of influenza A2.Exact mechanism for treatment of SARS-CoV2 not elucidatedTherapeutic against influenza A•protection against other viral infections with heart tropism like Coxsackie virus B5Soluble human recombinant ACE2 (hrACE2)Neutralization of SARS-CoV2 via competitive binding of hrACE2, decelerated virus entry and spread•SARS-CoV2 infection and resulting ACE2-downregulation = increased AngII conc. and thereby hypertension and vasoconstriction•Soluble hrACE2 rescues ACE2 function in lung and heart  Inhibition of the viral RNA-synthesisRemdesivirNucleosid-analogue for the selective inhibition of the viral RdRpTherapeutic against Ebola virus•Increases lung function and decreases viral load•Recent studies only show moderate improvement in severe case patients (larger cohorts necessary to evaluate effectivity)Lopinavir/RitonavirProtease-inhibitor: Most likely inhibits viral 3-chemotrypsine-like proteaseHIV-protease inhibitor•Effectivity against SARS-CoV2 questionable•Side effects: hypertriglyceridemia, hypercholesterinemia, hypertensionRibavirinNucleosid-analogue for the inhibition of the viral RdRpTherapeutic against hepatitis C, etc.•Effectivity against SARS-CoV2 questionableFavipiravirNucleosid-analogue for the selective inhibition of the viral RdRpTherapeutic against influenza and ebola virus•Decreased fever duration•Increased clearance of viral particles  Immunotherapeutic, ImmunosuppressiveInterferons \[IFN-α\]Induction of the expression of antiviral genes and the antiviral immune response•Inflammation•No benefit in mortality during clinical studiesAnakinraImmunosuppression by inhibition of IL-1-RAttenuation of cytokine storm in CAR-T cell therapy•Anti-inflammatory effect in the heartToclizumab/SiltuximabImmunosuppression by inhibition of IL-6-R (Toclizumab) and IL-6 (Siltuximab)Attenuation of cytokine storm in CAR-T cell therapy•Anti-inflammatory effect in the heartother immunothe rapeutics: AzithromycinStimulation of host antiviral response through the induction of interferons and IFN-stimulated genes (ISGs)Macrolide antibiotic against bacterial infections (e.g. *P. aeruginosa*)•Azithromycin leads to a drug-induced QT-interval prolongation via inhibition of iKr•Consequence: torsades de pointes (TdP) tachycardia•Increased risk of arrhythmic deathAnti-hypertension therapeutics and potential SARS-CoV2 vaccines  ACE-inhibitors\
AT~1~-antagonists (Losartan)Inhibition of ACE-1 leads to:\
1.less angiotensin II2.increased levels of ACE-2 (controversial).3.ACE-2 product angiotensin 1--7 has a vasodilatory effect•Increased ACE-2 level initially might result in a higher viral uptake•Withdrawal of ACE-inhibitors might be detrimental, since Ang II might be responsible for acute lung injury•ACEII possesses cardioprotective effectmonoclonal neutralizing AB1.SARS-CoV2 specific Abs isolated from convalescent patients2.Cross-reactivity of mABs from SARS and MERS•Risk of immunopathogenic liver reaction by antibody-dependent enhancement of the disease

2. Conclusion {#s0040}
=============

When the world health organization (WHO) announced COVID-19 as an international emergency at the end of January and declared it a pandemic in March 2020 \[[@bb0410]\], several efforts were already made to understand the diagnosis and prognosis of this respiratory syndrome. Noteworthy, there are regional differences in COVID-19 severity, which seem to reflect on socio-economic parameters and the readiness of the healthcare systems to cope with such a challenge. Whether COVID-19 has direct or indirect effects to the young or aged cardiovascular system is poorly understood so far because we are only at the beginning of monitoring the COVID-19. This includes specific biomarker discovery to predict patients at very high risk as well as superior imaging tools to monitor cardiac remodeling and inflammation (e.g. MRI). Especially ACE2 abundancy is of high interest in context of SARS-CoV-2 and a potential impact on cardiac tissue; however, insufficient number of cases has been reported so far to draw reliable conclusion and rhACE2 is rather considered a therapeutic strategy to limit viral infection, which will be now investigated in phase-II clinical trials. In addition, clinical association studies in the early, mid and late phase of COVID-19 are urgently needed to discuss standard care, in particular for HF patients who seem to be at highest risk for a severe course of COVID-19.
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